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I. INTRODUCTION 

. The r e s e a r c h  sponsored by this gran t  and made possible by the 

magnetometer  data received from Mar ine r  IV has  been directed into 

the following a r e a s :  

1. 

2. 

3. 

4. 

5. 

6. 

The analysis  of the nea r  M a r s  magnetic field data.  

A s e a r c h  fo r  magnetic phenomena related t o  passage of 

the S / C  into the region of the extended magnetic ta i l s  of 

the planets Mercury ,  Venus,  E a r t h ,  and the moon. 

Geomagnetic fluctuations as observed at seve ra l  ground 

stations and the i r  relation to magnetic conditions in space.  

Analysis of the roll  motion of the S /C  as  determined f r o m  

the AGC signatures measu red  at the Woomera and 

Johannesburg tracking stations.  

Calculation of the X and Y components of the $ /C  field. 

Statist ical  na ture  of the interplanetary field. 

The s ta tus  of the work in each of these  a r e a s  will be discussed both 

in re la t ionship to what has  been done and to  what will  be done. A portion of 

the work in i tem 6 above will  be discussed he re  in relation to  tha t  of i tem 2. 

Other  fea tures  of the interplanetary field have been reported elsewhere by 

Coleman,  e t  al(1). 

c 

11. FIELD MEASUREMENT NEAR MARS 

A pre l iminary  analysis  of the nea r  M a r s  data has  been reported by 

Smi th ,  e t  a1 (2 ) .  The p r imary  conclusions of that  paper were :  
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I .  

1. 

2. 

A scaling of the shock front  boundary a t  e a r t h  to ju s t  within 

the t ra jec tory  r e su l t s  in  a n  upper l imit  on the Mar t ian  mag-  

netic moment  of between 

There  was  a dis turbance las t ing fo r  approximately th ree  

hours  which s tar ted at 0123 GMT. This  dis turbance 

could be associated with ei ther  a weak Mar t ian  bow shock, 

o r  another of the many interplanetary events  seen  by the 

p r  obe. 

and l o m 4  that  of the ear th .  

W e  a re  continuing to analyze the  data re la ted to the dis turbance 

mentioned in (2 )  above in o r d e r  to de te rmine  whether t h e r e  is a high 

probabili ty that the subject dis turbance was  m o r e  likely associated with 

a bow shock at Mars .  

interest ing relat ionship between a cha rac t e r i s t i c  change in the in te r -  

planetary field and cer ta in  dis turbances observed h e r e  at ea r th  that we 

have detected ( s e e  Section IV).  

In par t icu lar  it may  be possible to  uti l ize the ve ry  

We at B Y U  feel that  the timing of the dis turbance in  combination with 

its duraction is strongly suggestive of the possibil i ty that  indeed we did 

observe  evidence of a Mar t ian  field. 

The  shock front  boundary which appea r s  to  in te rsec t  the t r a j ec to ry  at 

the time as noted above is that  which is  for  MM/ME -3 x 

ponding to  a n  aberat ion angle of /J 7 O  as compared to  a computed minimum 

value of N 4 O .  

by N a l t e r ~ ' ~ )  coiild easi ly  make up this  small difference.  

This  is i l lustrated in  F igu re  1. 

c o r r e s -  

The effect of a n  oblique interplanetary f ie ld  as  suggested 
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111. PLANETARY MAGNETIC TAILS 

The t ra jec tory  of the S/C and the motion of the s e v e r a l  planets that  

l ie  within its orbi t  have afforded seve ra l  opportunities to  s e a r c h  for 

magnetic tails of the planets Mercury ,  Venus,  E a r t h ,  and the moon. 

Table I lists pertinent geometr ic  p a r a m e t e r s  re la ted to  t h e  passage of the  

S / C  into the region of the extended tails of the planetary bodies mentioned 

above. The pa rame te r  z is the  distance to  the S / C  along the tail axis 

l ine and p the c loses t  dis tance measu red  perpendicular to  the z direction. 

P TABLE I Z 

Plane ta ry  P lane tary  uc 
Plane t  DavT /Hour Degrees  Radii  Radi i  

Mercury  355 /0400 
fl94/0 200 
197/ 1900 

7 
7 
7 

40,400 5,200 
55,000 6,500 

162,000 1,000 

Venus 2 34/0100 5 2 0 , 0 0 0  620 

Moon 3 34 / 130 0 4 1/2 20 3 23. 4 

E a r t h  0 32 / 2000 4 1 / 2  3 ,000  50 

The t ime  T is the t i m e  the S / C  is at z and p and e is the aberat ion 

angle  ( = tan'' - vP ) assuming a n  average  so la r  wind velocity of 400 krn Jsec . 
VW 

Proof  of the existance of a magnetic tail resul t ing f rom the interaction 

of a planetary dipole moment  with the so la r  wind has  been faily well  e s -  

tablished as a r e su l t  of the measu remen t s  of Ness(4)  with the IMP I. It 

is not c l e a r ,  however,  how long such a tail should be,  although the re  have 

been  seve ra l  es t imates  given of the expected shape and extent of the tail at 

g r e a t  dis tances  f r o m  the ear th .  Dessler") has  suggested that the ea r th ' s  

magnet ic  tail is at leas t  100 Re  long, but is m o r e  likely to be -20 to  50 AU 
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long. 

a t  60 Re to  a 70Re a t  -2AI.J. 

The rad ius  of the tail should grow slowly f r o m  a value of ~4 35Re 

Dungey(6) on the other  hand suggests  a ta i l  

length of -10 3 Re  and radius  of *1/15Re. P i d d i n g t ~ n ( ~ )  has  suggested an  open 

tail model ,  but has  not gone so  far  as to  give dimensions of the ta i l  except 

to es t imate  a c ross -sec t ion  d iamter  of /J 1ORe. 

The Moon. 

for possible magnetic effects associated with a magnetic tail occured on 

November 29 ,  1964 (Day 334) when the S / C  went behind the moon ( see  f igures  

The first opportunity t o  p a s s  behind a planetary body and s e a r c h  

2 and 3). 

the flight, but i t  was  obviously too c lose  to  m e a s u r e  the cha rac t e r i s t i c s  of 

The S / C  passed behind the  e a r t h  during the e a r l i e s t  portion of 

the extended terrestrial tail. ( A  pre l iminary  analysis  of the nea r  ea r th  d a t a  

has  been given elsewhere (1) ). 

w a s  d 4 1/Z0 (Vw ~ 4 0 0  k m / s e c ) .  

The aberat ion angle for t he  moon at this  t ime  

The ax i s  of the lunar  ta i l  is assumed to  

lie at th i s  angle with r e spec t  t o  the sun moon line ( s e e  figure 3) .  A s  indicated 

in  Table 1,at the t ime  of c loses t  approach to  the ax i s  of the lunar ta i l ,  the S /C  

w a s  200Rm along the axis and *23Rm below. The corresponding pa ra -  

m e t e r s  for  the  passage of IMP I 

p &35Rm (December 1963) and z /J210Rmi, p&l5Rm (Februa ry  1964). 

the  proximity of the Mar iner  IV to t h e  axis of the lunar tail was  fair ly  similar 

to the F e b r u a r y  1964 pass .  

IMP I possibly detected the  lunar wake ,  but that  the charac te r i s t ic  fea tures  

(4) into the lunar tail region w e r e  z m135Rm, 

Clear ly  

Ness  has  suggested that during the Februa ry  p a s s ,  

, 

f o r  this  p a s s  w e r e  different f rom those  of the December pass .  We a r e  

present ly  in the p rocess  of comparing the cha rac t e r  of our  data with that of 

N e s s  as wel l  as pursuing other m o r e  c r i t i ca l  types of s tudies  to s e e  i f  t he re  

is  any s ta t is t ical ly  significant feature  of this  block of data that s e t s  i t  a p a r t  f r o m  
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data blocks taken f rom ei ther  side. The re  a r e  dis turbances in the field 

that  exhibit a cer ta in  interest ing symmet ry  with r e spec t  to the aberat ion 

l ine ,  but these dis turbances could easi ly  be interplanetary field dis turb-  

ances  like many others  that have occurred .  

The Earth.  The relative motion of the ea r th  and S/C placed the la t te r  in 

the vicinity of the extension of the sun-ear th  line on January 28. Assuming 

a so lar  wind velocity of d400 kmpsec r e su l t s  in an  aberat ion angle of r v 5 O .  

The motion of the S /C in geocentric coordinates  is shown in f igure 4 and 5. 

Closes t  passage to  the extended ta i l  was  on Februa ry  1. 

and p p a r a m e t e r s  a r e  f13000Re and 50Re respect ively.  

The pertinant z 

The negative r e su l t s  of a prel iminary analysis  based on "quick look" 

(unedited) data has  a l ready  been given (8). Data in essent ia l ly  final fo rm 

has  been received now covering the period f rom launch through Day 360 

and Days 001 through 073, and we a r e  present ly  applying a number of t e s t s  

t o  the da ta  to  attempt to  determine if  t he re  was  anything statistically signi-  

f icant  that  would be attr ibuted to passage of the S /C  into the extended mag-  

net ic  tail of the ear th .  

Auto-correlation functions of 27 day blocks of the data throughout the 

per iod  of launch plus 2 days through day 150 have been computed. 

magnet ic  data has  a l so  been c r o s s  cor re la ted  with so l a r  2700 m c / s  flux and 

The 

sunspot indices.  Neither of these effor ts  has  to date resul ted in any suggestion 

tha t  the data block centered around F e b r u a r y  1 is statistically different f rom 

those  outside this  t ime. In fact  the f o r m e r  work has  shown fa i r ly  low auto- 

cor re la t ion  indices suggesting that solar  activity is fa i r ly  t rans ien t  in 

c h a r a c t e r .  W e  a r e  present ly  c ross -cor re la t ing  the Mariner  IV magnetic 
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field and t e r r e s t r i a l  CK data and relat ing interplanetary field changes at P 

the S /C with other geomagnetic effects observed a t  ea r th  and fee l  that  this 

may prove fruitful  insofar as establishing whether the Februa ry  1, e t c . ,  

data block exhibits s ta t is t ical ly  significant differences f rom other data 

blocks. Other aspec ts  of this  la t ter  effort  are discussed in g rea t e r  detail  

in Section IV of this  repor t .  

Other P lane ts .  

Mercury  and the S/C , now had p values within the predicted maximum 

Of the seve ra l  planetary infer ior  conjunctions involving 

value of n / 6 0  R,. As noted in Table.1,  the S/C came  c loses t  to  the 

extension of the ta i l  axis  shortly a f te r  the M a r s  encounter. The one con- 

junction of Venus resul ted in a p value that was  m o r e  than a n  o r d e r  of 

magnetitude too large.  Whereas  it is c l ea r  f rom Table I that  only for 

the  moon and ea r th  was  t h e r e  even a remote  chance a t  having passed into 

the respect ive tail regions,  the reasonably la rge  in te r ior  angle of the 

chock f ronts  for all the planets suggest a possible program of searching 

fo r  evidence of the l a t t e r ,  which we will be car ry ing  out as  soon a s  the 

final data is received. 

IV. RESPONSE OF THE GEOMAGNETIC FIELD TO 
VARIATIONS IN THE INTERPLANETARY 

MAGNETIC FIELD 

The unique t ra jec tory  of Mariner  IV that kept it behind but very  near  

the ea r th  for  s eve ra l  months has provided u s  with a long-term moniter of 

t he  magnetic cha rac t e r  of the plasma s t reaming by and confining the geo- 

magnet ic  field. A t  the present  t ime we a r e  deeply involved in a study of 

geomagnetic events both individually and s ta t is t ical ly  a s  they r e l a t e  to  

magnet ic  changes observed a t  the probe. 
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A. The Data 

1. The Magnetometer.  "Quick Look" data has been available during 

the en t i re  period covered by this  repor t .  

and d iscrepancies  in this record.  

days of the flight was obtained in  l a te  September ,  and for  the des i red  pe r -  

iod (through Februa ry  28) in ear ly  November. We a r e  now reworking our 

analysis  with th i s  new data to  verify and extend the pre l iminary  r e su l t s  

outlined below. 

However,  t he re  a r e  ser ious  gaps 

Accurate ,  edited data for the first few 

2. Magnetograms. Magnetograms f rom a network of stations f r o m  

Aler t  (82' N) to  Byrd (80° S) have been analyzed for  the first few days af ter  

launch. 

analysis  with only the  nea r  conjugate pair  of College Alaska and Macquarie 

Island. 

for  the en t i re  period of November 28 ,  1964, t o  March  1, 1965. 

the Macquarie r eco rds  a r e  available at the present  t ime.  

Resul t s  of th i s  investigation prompted the decision to  extend the 

Rapid-run magnetograms f rom these stations a r e  being analyzed 

Not all of 

3. 

B. - Relationship of the Interplanetary Fi eld to Daily Geomagnetic 
Variabil i ty.  

The study of the correlat ion of magnetic s t o r m s  with so la r  events 

K~ a n d x K  values were  obtained for  planetary scale  events.  P - 

h a s  a long his tory.  

empty region of space to the ear th  and initiate magnetic s t o r m s ,  but now 

w e  understand these  je ts  of high energy plasma to  be i r regular i t ies  in a 

continuous so la r  wind. 

re la t ionship between C K  

velocity of the plasma reaching the r n a g n e t o ~ p h e r e ' ~ ) .  

At f i r s t ,  p lasma s t r e a m s  were  thought t o  t r a v e r s e  an  

Already, satel l i te  data has yielded a high s ta t is t ical  

(daily planetary magnetic variabil i ty) and the P 

Other geophysical 
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data  such as energy spec t r a  of par t ic le  s t r e a m s ,  r iometer  r e c o r d s ,  neutron 

monitor values ,  e t c . ,  have prompted m o r e  recent  descr ipt ions of these 

solar  dis turbances such as the f la re  p lasma cloud model proposed by 

( W;$ 
Haurwitz,  e t  a1 

Our study of the magnetic charac te r  of the p lasma in re lat ion to geo- 

magnetic events has  produced important additional information that mus t  be 

assimilated in fu ture  models .  In par t icu lar ,  the planetary index of mag-  

netic variabil i ty in a day (ZK ) is  re la ted to the  s t rength and orientation P 

of the interplanetary magnetic field. 

The r e su l t s  obtained f rom the Quick Look data  for the period f rom 

November 29 to January 15 a r e  presented in the upper pa r t  of F igu re  6. 

This f igure  i l lus t ra tes  some of the additional analysis  c a r r i e d  out a t  B. Y.  U .  

The main  points a r e :  

(1) The total  field s t rength is wel l  cor re la ted  with CKp. The com- 

pleted data show a higher correlat ion t h n  the -,. 5 indicated in th i s  p r e -  

l iminary  f igure.  F u r t h e r m o r e  , the high cor re la t ion  continues for  over 100 

days.  

with the field components indicates 
CKP 

(2) The c r o s s  cor re la t ion  of 

t ha t  t he re  is a p re fe r r ed  direction of the interplanetary field when magnetic 

var iabi l i ty  is observed on the ear th .  Fu r the rmore  , two days pr ior  to  the 

% One aspec t  of this work dealing with the relationship of polarity ( sp i r a l  in 
o r  out) of the interplanetary field and geomagnetic activity i s  to be submitted 
f o r  publication short ly  by Cdeman e t  al. 
Ness( l1)  has  been clarified and the r e su l t s  obtain f rom the Mar iner  11, IMP 
and  the Mar iner  IV a r e  presented. 

In th i s  paper the work of Wilcox and 
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15 . disturbance the interplanetary field has  a minimum value and likely r e v e r s e s  

its direction. The polarity studies mentioned above have suggested a relat ion 

between specific s t o r m s  and interplanetary field r e v e r s a l s .  This  study, how- 

e v e r ,  will  give s ta t i s t ica l  credence to  the idea and f u r t h e r m o r e ,  it will show 

the th ree  dimensional na ture  of the r eve r sa l .  

A charac te r i s t ic  example i s  shown in the lower pa r t  of f igure 6. The 

th ree  hour means  of BR and BT (field components in the ecliptic plane) a r e  

shown for  s eve ra l  days in la te  January 1965. A l l  of the fea tures  of the 

s ta t i s t ica l  descr ipt ion above a r e  evident in th i s  single event although the 

t ime sca le  is compressed .  The changes in the tangetial  component during 

th i s  event a r e  of grea t  significance. 

Our completed study will yield a quantitative model of l a rge  scale  

interplanetary magnetic events that r e su l t  in planet wide geomagnetic v a r i -  

ability. 

C. Interplanetary Magnetic Events that  cause  Geomagnetic Disturbances 

Our study has s h w n  that the response  of the ear th  field to interplanetary 

events  is not r e s t r i c t ed  to the la rge  sca le  s ta t i s t ica l  r e su l t s  presented above. 

In fac t ,  it is possible to  r e l a t e  individual events seen  a t  the probe with a wide 

a s s o r t m e n t  of dis turbances a t  high altitude observing stations.  The magnitude 

and duration of these correlated events va r i e s  f rom a few gamma and a few 

minutes  to hundreds of gamma and days. 

At the present  t ime we a r e  studying each event seen a t  the probe and a t  

the  e a r t h  during the period from November 28 to March 1. An important 

a s p e c t  of th i s  problem is  the lag t i m e  between events a t  the two points in 
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space.  After some t ime it became apparent  that  the rotational effect on 

lag t ime was inconsequential during the first few months and only the 

grea te r  rad ia l  distance of the probe needed to  be considered. Although 

t h e r e  is some dispers ion due to the different velocit ies of plasma events ,  

it i s  poss ib l e  t o  re la te  events f o r  s e v e r a l  months with considerable confi- 

dence. 

To i l lus t ra te  this pa r t  of the study we  have presented in f igure 7 

both the rapid run  magnetogram f rom College Alaska and the angular 

orientation of the interplanetary magnetic field in the plane no rma l  to 

the sun probe line. The following points a r e  of in te res t  here :  

(1) The probe saw an oscillation in the interplanetary field on Decem- 

b e r  3,  1964 centered at about 1150 V. T. The f i r s t  abrupt change in direct ion 

of the field occurred  just  15 minutes a f te r  a similar disturbance w a s  seen  a t  

the ear th .  

( 2 )  The total  disturbance seen a t  the probe las ted l e s s  than for ty  min-  

u tes  and the period of the pr imary  oscil lation was  of the o rde r  of 10 rnin- 

Utes. 

(3 )  The interplanetary field s t rength during the disturbance w a s  low, 

ranging between 4 1/2 and 7Y 

(4) The geomagnetic disturbance was  confined to high lati tudes.  F u r -  

t h e r m o r e ,  only cer ta in  sec to r s  in the a u r o r a l  zone recorded  the vent. 

The carefu l  analysis  of these events w i l l  lead to  a bet ter  understanding 

of solar  initiated events and perhaps to the identification of instabi l i t ies  in 

the  interplanetary plasma.  

the  cha rac t e r i s t i c s  of the "hose" type instability descr ibed by Parker (12) .  

The event presented in figure 8 has  many of 
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D. 

Sinusoidal dis turbances in the ea r th ' s  magnetic field have commonly 

Geomagnetic Micropulsations and the Interplanetary F ie ld  

been attr ibuted to  hydromagnetic waves propagating ei ther  t r a n s v e r s e  to o r  

along the field l ines of the ear th .  Patel(13) has  presented evidence for such 

waves observed in the magnetosphere.  

per iods between 1.5 and 10 minutes.  Pulsat ions of this  range a r e  pro-  

nounced only in a u r o r a l  regions.  Our study has  produced information that 

wil l  lead t o  a quantitative relationship between the interplanetary magnetic 

field and the period cf the hydromagnetic waves initiated near  the magneto- 

pause.  

will  yield cer ta in  information about the configuration of the geomagnetic 

tail. 

We a r e  studying pulsations with 

Fm, thermore ,  dependency on local tine for  excitation of such waves 

F igu re  8 suggests  a surpr i s ing  relat ionship between period of ea r th  

pulsation and s t rength of the interplanetary field. With extended data ,  we 

have now verified that the long period waves a r e  seen  when the interplanetary 

f i e ld  is strong. 

We are working on a geomagnetic model that  will  propagate these long 

per iod waves when constrained by a m o r e  intense field. 

V. THE S/C ROLL ORIENTATION DURING THE 
PERIOD 16h33M25. 5 s  DAY 333 THROUGH 

07h50mDAY 334 

The ro l l  orientation of the S/C as a function of t ime was  requi red  at  

all t imes  in o rde r  t o  properly in te rpre t  the magnetic field data in t e r m s  

of models ,  e tc .  This is par t icular ly  t r u e  during the first few days af ter  

launch. A pre l iminary  analysis  of the S /C  field and R. F. field s t rength data 

had been c a r r i e d  out to determine the roll orientation p r io r  t o  cancpls acquisition 

and the exper imenters  felt that  a m o r e  comprehensive study of the p r o b l e m .  . 
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was  necessa ry  before  the magnetic data ana lys i s  covering th i s  period could 

be c a r r i e d  fur ther .  

out at BYU during the init ial  phase of our work here .  

This  subsequent analysis  of the AGC data was  c a r r i e d  

1 -  

The analysis  covered the period 16h33m25. 5s of day 3 3 3  through 
I 

, 
I 07h50m of day 334. The effort  was p r imar i ly  directed a t  obtaining an  equat im 

for  the ro l l  orientation of the spacecraf t  as a function of t ime.  Both auto- 

cor re la t ion  and phase techniques w e r e  employed. 

ana lys i s  was  what was  actually employed to obtain the resul t ing dependence 

The la t te r  method of 

of the ro l l  angle on t ,  with the former  being used p r imar i ly  as a check to 

s e e  i f  the changing cone angle of the t racking station caused a shift in the 

re la t ive  position of the feature  used in the phase method. 

S/C Roll Before 06h59m03s. 

of data amounting to  seve ra l  rol l  per iods w e r e  computed using standard 

techniques (i. e. , Blackman and Tukey, e tc .  ), and the lag r c o r r e s p o n d i n g  

to  a peak in C ( T )  that  occur red  in the vicinity of the ro l l  period was de t e r -  

mined for  each data  block. 

The autocorrelat ion function C ( n  for blocks 

/L This value of / was assumed to bes t  approxi-  

mate the pseudo ro l l  period ( r e fe r r ed  to the tracking station) as the changing 

clock angle of the  tracking station had not been removed. A comparison of 

t hese  r e su l t s  with the dependence of the ro l l  period on t ime as determined 

from the t i m e s  of occur rence  of a cer ta in  feature  in the AGC pat tern 

(again,  uncorrected f o r  the clock angle change of t he  spacecraf t )  appears  

t o  verify that t h e r e  was  no relat ive change of the feature  used with r e spec t  

to the general  periodic variation in the AGC signal with changing cone angle 

of the tracking station. P l o t s  of the period (T) values and result ing l eas t  



21 
I 

squa res  s t ra ight  l ine fits for  both methods a r e  shown in figure 9 and 10. 

Considering the sca t te r  in the points, the agreement  of the two methods 

is quite good. 

Having established that  any change in the relat ive position of the 

fea ture  used in  the phase method is probably sma l l ,  the actual angles 

through which the spacecraf t  rotated during the t ime  interval  between 

the successive appearance of the AGC fea ture  taking into account the 

changing clock angle of the tracking station were  computed as well  as the 

average  values of 8 for  each t ime interval .  A plot of 8 vs  t r e f e r r e d  to 

the mid-point of each t ime interval is shown in f igure 11. The open c i r c l e s  

r e f e r  to  Woomera data ,  the filled c i r c l e s  to Johannesburg data. The 

scatter in the points is pr imar i ly  due to the  sampling interval  and the 

necess i ty  of es t imat ing the t ime d o c c u r r e n c e  of the feature .  (The sca t te r  

f r o m  0200 to 0400 of d a y  334 appears  to have been caused by a clock e r r o r  

at the station. This  is discussed l a t e r .  ) Whereas the scale  used in the 

plot shows a fair degree  of s ca t t e r ,  one notes that: (1) the Woomela and 

Johannesburg data appear  to  m e r g e  quite well:, and (2) t he re  is a c l ea r  

suggestion of an  assymptot ic  dec rease  in 8 with t ime , with an  assymptot ic  
8 

value of / v O .  2046 d e g r e e s / s e c  being suggested. This  suggested a possible 

effect  one might expect if one considers  eddy c u r r e n t s  produced by a rotating 

conductor in a magnetic f ie ld  that is decreas ing  with t ime in a manner  s imi la r  

to  that  for the Mar iner  IV. Of course if  the friction lo s ses  in gyros  decreased  

with t ime,  this  could be a n  at t ract ive mechanism.  The f o r m e r  would probably 

4 3  
genera te  a field in the direction of ox B which would not affect the offset values , 



l -  

0 
J.7 62 

1758 

17 54 

P h a s e  o r  Fea tu re  

1750 

Autocor r e lotion 

8 0  

17 38 

17 34 

17 30 

1726 

22 

Fig .  9 i  - Plo t  of T vs  t F o r  P h a s e  and . I' I ' J  , '  

Autocor r elation Methods : W oome r a  

@ P h a s e  o r  F e a t u r e  

a Autoc or  r elatioh 

1722 

718 

1741 l8?9 1937 2035 2133 2202 2300 2358 

GMT (hours-minutes)  - 



1774 

1770 

1766 
0 

0 

1762 

@ 

23 

1750 

1746 

1742 

0 

B 
Fig. 1Q - Plo t  of T vs % F o r  Pha :  

and Autoc o r  r e la t  ion 
Methods: Johannesburg 

0 P h a s e  o r  Fea tu re  

Autocor r elation 

1738 

17 34 

23,07 00,05 0193 ozp1 0 2,5 9 0337 0455 0553 0651 
GMT (hour s -minute s)  -t 



M 
Ll 

c, 
0 

24 
'0 

a 

d 

d 

6 

W 

/ 1 

0 In 
9 In 
0 0 

N N N 

3 

rb 

i 

0 In 
In * 
0 0 
N cu 
0 0 

0 * 
0 
N 

0 
--- 

t 

0 
0 
0 - 1  

$ :  
j 

0 
0 
0 * * 
0 
0 
0 
0 * 
0 
0 
0 
9 
VI 

0 
0 
0 
N 
VI 

e 0  
0 
0' 
Q) 
N 

0 
0 
0- 
9 cu 

0 
0 
0. 
0 
N 

0 
0 
0 
2 

0 
0. 
0 

cl, 

0 
0 
0 co 

0 
0 
0 * 

.- 

- t 
rn 
-0 
c 
0 
V 
Q) 
rn 
Y 

..-I 
c, 



25 
and af fec t  the t e r r e s t r i a l  field readings only slightly. 

* 
A four degree  polynomial fit to the 0 vs  t curve  was  computed f rom which 

the following 5 degree  equation for 0 v s  t was  obtained ( r e f e r r e d  to so la r  

ecliptic coordinates) for the period 16h33m25. 5s Day 333 through 06h59m03' 
I 

Day 334: 

9=122. 24-0. 2072 ti t 0.9447 x 10-7ti2 - 1. 7441 x 10-l2 ti3 t 1. 6062 x lOI7ti4 

-0.5560 x 10-22ti5 deg rees  

where  ti = t - t o  (in seconds) 

to = 16h33m25.5s 

The determination of the reference-aqgle  of 12L. 24O was  based upon the assumption 

that  the fea ture  in the AGC pat tern that  was  used during the Woomera run occurred  

prec ise ly  at the t ime that  the S / C  high gain antenna was  pointed a t  the t racking 

station. A comparison of the above equation with the e a r l i e r  r e su l t s  of Davis shows 

roughly a 4 to 5 degree constant difference between the two. This  undoubtedly 

r e s u l t s  because of the different c r i t e r i a  used for  determining the re ference  

angle  8. 

A plot of the difference between the S / C  angle predicted by the above equation 

and angle corresponding to  the time of the feature  in the AGC signature  is shown 

plotted in f igure 12. The probable e r r o r  of the f i t  correspondings to  about 0.7O 

in angle. 

S / C  Roll A f t e r  06h59m03S 

Roll  s e a r c h  was  initiated a t  06h59m03s and the ro l l  r a t e  slowed to approxi- 

ma te ly  0.115 ,deg rees / sec .  This w a s  determined by noting the t imes  a t  which 

f ea tu res  of the AGC pat te rn  appeared and consequently computing the average  

c 



1 -  

c 

e, 
E 

.I4 

b 

s 
0 
e, 
Q) 
k 
M 
e, 

II) 

A 

z! 
k 
0 
k 

6 
M 

0 

0 

w 

w 
d 

pc 
I 

2 
&I 

czr .I4 

rn 
f 

0 

0 

0 

0 

0 

4 + N + 

c 
I 
1 I 

Q 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I O  
I 
I 
l 
I 
I 

1 1 
I 
1 
I 

I 0 '  

0 I 

0 
I 

l a  1 

~ I I 

I 

l 

I 
I 
I 

q l  
I 
I 
I 
I E l  
I 
I 

I 
I 

I 
I 

I 
I 

I 
I 
l a  I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
IO 
I 
I 
l 

I 0 
I 
I 01 

I 

I I 
0 1  

I 
I O  
1 
IO 
I I 
I 0 I 
I 
I O  

I 
I 

1 
I I o  

I + '  I 
I 

Q 

I 
I 
I 
I 
I 

I 
I 
I 
I 
1 0  
I 
I 
I 
I 

0 



27  
change in the t ime scale .  This  r o l l  r a t e  pe r s i s t ed  until about 07h10m. F r o m  

about 07h10m the re  is a suggestion that  the ro l l  actually was  stopped until 

about 07h13m. 

time delay in  the S / C  logic initiated a t  07 h 07m34S caused the gyros to be 

turned off at 07h10m03s, at which t ime  the S /C  did not s top rolling. 

However,  the attitude control  people conclude that the no rma l  

The AGC pat te rn  suggests  that f rom 07h10m03s until the S / N  dropped 

so low it became use l e s s  (at about 07h50m00s) the ro l l  r a t e  was  probably 

not constant. 
h 

F r o m  07 10m03S to about 07h28m40S, the ro l l  rate was  0.0091 

d e g r e e s / s e c  ( i f  the  ro l l  never  was stopped) and f r o m  07h28m40s through 

about 07h50m00S i t  was  0.0146 degrees / sec .  The AGC data is very  noisy 

h e r e  and consequently not much faith i s  placed on the la t te r  number in 

pa r t i cu la r ,  although it is doubtful it is too far off. 
b 

One should note that 

if the S / C  ro l l  indeed was  stopped f r o m  07h10m03s through 07h13m00s, then 

the ro l l  rate f r o m  07 h m  13 00' t o  07h28m40s was  about 0.0105 d e g r e e s / s e c .  

At 07 h m  07 34s the  att i tude control people in t e rp re t  signals received 

by the Canopus t r a c k e r  ( ea r th  l ight?)  that  i t  was  at a clock angle of 129 f 3 

degrees .  At th i s  time the t r acke r  is computed to be at a clock angle of 

129. 03 degrees  using the equations der ived he re .  

Anomalous Behavior 

In genera l  the AGC data do not exhibit any anomalous behavior except 

for the period 0230 through 04h01m41s day 334. 

d u e  to a n  apparent  malfunctioning of the clock at Johannesburg. 

04h01m41s and 04h08m41s the clock was  being recyc led ,  and the data a f te r  

t h a t  time a p p e a r s  t o  be normal .  

This  appea r s  to  have been 

Between 

A plot of t ime shif t  A t  required for a 
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best fit of 29 minute increments  when superimposed on the next succeeding 

29 minute increment  is shown in  f igure 13. F r o m  mOlhOOm through O6h59m 

the ro l l  rate is decreas ing  ve ry  slowly and the requi red  increment  shift 

should be fa i r ly  constant. 

block number of the init ial  data block used in determining the value of 

shows a n  anomalous behavior f r o m  i = 10 through i = 14. 

A t  

However,  it is c l ea r  f r o m  f igure 13 ( i  r e f e r s  t o  the 

At) 
The corresponding 

times are  noted on the plot. This  i s  in the genera l  region where  Davis a l s o  

noted a n  anomaly (near  his  n = 210). 

Severa l  possible causes  of this anomalous behavior w e r e  considered: 

1. The ro l l  r a t e  actually changed, being a r e su l t  of the sequential  f i r ing 

(after suitable time delay) of two p a i r s  of r o l l  j e t s ,  the net r e su l t  being 

that the  ro l l  rate was  not changed after the sequence was  complete.  

The antenna pa t te rn  being a n  abrupt  function of the cone angle. 

T h e r e  w a s  t rouble  with the clock (or  pr in t  out of same) at Johannesburg 

2. 

3. 

which was  subsequently cor rec ted  upon recycling etc .  

Item 2 can be ruled out on a purely physical bas i s  as such a functional 

dependence of the antenna pat tern on the cone angle is  out of the question. A s  

t o  i t em 1, it is c l ea r  that  the ro l l  j e t s  did not fire (at least they had no r eason  

to).  

f r o m  a value of 0.20724 to  0.2046 degrees /second over the period 16h33m25S to  

06h50m03S corresponding to  a change of 3. 6171 to 3.5709 x 10-3 r a d / s e c .  

S /C ro l l  r a t e  data  channel indicated a DN value of 78 corresponding t~ 3. 67 

f 0.13 x lo3  r a d / s e c .  

t o l e rance )  was  N 

F r o m  f igure 11 the ro l l  r a t e  is seen to  dec rease  approximately exponentially 

The 

The dead zone minimum value (assuming the MlO% 

0. 30. Since nominal w a s  to  be 3. 55 x T O m 3  r a d / s e c ,  this  
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meant  that the r o l l  j e t s  should not have f i red unless  the ro l l  r a t e  was l e s s  than 

3.20 o r  g rea t e r  than 3.  85 x r ad / sec .  Clear ly  the computed ro l l  r a t e  

limits 

of 78 and (2)  wel l  within the minimum dead zone l imits .  

over the t ime in question a r e ;  (1) compatible with the indicated DN value 

F r o m  this  information 

in combination with the fact  that  there  was  no c l ea r  cut evidence f rom the mag-  

netometer  d a t a  indicating field t ransient  caused by the firing of the ro l l  j e t s  

( this argument  is somewhat weak),  we m u s t  conclude that the je t s  did not f i r e .  

Hence , we conclude that the clock a t  Johannesburg was  malfunctioning during 

th i s  t ime.  

VI. S /C  FIELD DETERMINATION 

Two methods have been used by u s  to es t imate  the magnitude of the X and 

Y components of the spacecraf t  field. In the first method, the field Components 

w e r e  determined by locating the axis  of the M, o r  M 

t ime interval  f rom F C  330 through 715 (16h24m50S through 17h47m47s of Day 3339. 

vs  t plots covering the Y 

The r e su l t s  a r e  

Bx = 2.5 

By = 9.0  

The X and Y values  of the S /C  offset a r e  those corresponding to minimum 

values  of s,  where  s is obta inedf rom 
1 

J i=i 
n= 1 

where  

M, or  M 

Ati is the ith t ime interval  between succeeding IEtersection of the 

Y 

- 
vs t plot and the assumed horizontal  axi9, and At is the sample 

average .  It would be des i rab le  to be able  to  r e l a t e  a tolerance OT, the offset 
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values l i s ted  above to the  corresponding minimum values of s ,  but it is not 

c l ea r  how th is  can be done. 

value of s would obviously not be zero.  

Even if t h e r e  was  no "noise" in the data ,  the 

The second method utilized the field measu remen t s  obtained during the 

period a f te r  the S /C  had c lear ly  passed the magnetosphere boundary. In this  

method, the ro l l  equations w e r e  used to t r ans fo rm the field readings into the 

so la r  equator ia l  coordinate system and the power spec t ra  of the resul t ing 

data computed. The X and Y offset values w e r e  var ied until the re lat ive 

power at the ro l l  frequency w a s  a minimum. Any offset component that has 

not been removed will r e su l t  in some power being obtained a t  the ro l l  f r e -  

.quency that is g rea t e r  than that  expected based upon the power a t  nearby 

frequencies  caused by noise o r  t rue  var ia t ions in the ambient field. 

method resul ted in the following values for "gyros" on condition: 

This  

B, = 1 . 6 ~  

By = 11. 4Y 

These  a r e  to be compared to the IIMay" values being used of 1.8y and 11. OY 

r e  spec t ive 1 y . 

It is apparent  that  the resu l t s  of the two methods do not a g r e e  a s  wel l  a s  

would be expected, par t icular ly  in t h e  case  of the Y components. This suggests  

the possibi l i t ies  that  the offset values w e r e  changing with t ime and we at tempted 

to pursue this possibil i ty by computing the required offset values fo r  minimizing 

the power at the r o l l  frequency f o r  th ree  blocks of data. 

suggested change in the minimizing offset values, and these were  showing a 

There  w a s  some  

t r end  in the c o r r e c t  direction. 

and  we have since given this aspect  of the problem a low priority.  

However, power spec t r a  a r e  v e r y  expensive 

If rea l ,  
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I the change w a s  probably of a n  asymptotic nature,  and the values obtained 

f r o m  the "Neutral  field" data noted by Coleman (I4') tends to  back this up 

1 -  (Bx h 2 .  ly, By &lo. 7y). 
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